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® Heart sUmulator. 

A heart stimulator, comprising a pulse generator 
and an electrode system, which contains at least one 
bipolar electrode with one pole (4) anranged in the 
atrium and one pole (6) in the ventricle, or at least 
two unipolar electrodes arranged in the atnum and 
ventricle respectively, for detecting atrial and ven- 
tricular electrical acth^ity. An atrial measurement unit 
(16) is ananged to measure the signal between the 
two poles of the bipolar electrode, or between the 
two unipolar electrodes, and a ventricular measure- 
ment unit (1^ is anranged to measure the signals 
between the ventricular pole, or the electrode, and 
the stimulator housing (14). 
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This invention relates to a heart stimulator, 
comprising a pulse g nerator and an electrod 
system which contains at least one bipolar elec- 
trode with one pole arranged in the atrium and one 
pole In the ventricle, or at least two unipolar elec* 
trodes arranged in the atrium and ventricle respec- 
tively, for detecting atrial and ventricular electrical 
activity. 

Such electrode systems are known through 
US-4.154.247 and US-4.567.901 . 

DDD pacemakers are currently used for treat- 
ing patients with bradycardia. A conventional DDD 
pacemaker requires two electrodes, each with its 
own lead. One of the electrodes is placed in the 
atrium and the other In the ventricle. Electrical 
activity Is sensed with the electrodes, and stimula- 
tion pulses are emitted when spontaneous elec- 
trical activity is absent There has long been a wish 
for DDD pacemakers employing only one electrode 
lead. I.e. single lead DDD pacemakers. This would 
greatiy simply implantation, compared to the im- 
plantation of two separate, basically parallel leads. 

The VDD pacennaker, using only one electrode 
with poles in the atrium and ventricle, is one step 
towards a single lead DDD pacemaker design. The 
poles in the atrium are "floating.** i.e. they are 
normally not In direct contact with electrically ac- 
tive atrial tissue. So the electrode system passes 
through both the atrium and ventricle. This type of 
VDD electrode system contains three leads in in- 
stances with a unipolar electrode in the ventricle or 
four leads in instances with a bipolar electrode in 
the ventricle. 

The object of the present invention is to 
achieve a heart stimulator permitting detection of 
atrial and ventricular cardiac activity in a bipolar 
mode with an electrode system employing a mini- 
mum of poles, or electrodes, plus attendant leads. 

This object is achieved with a heart stimulator 
of tiie above-descrifc>ed kind with the features 
specified in patent claim 1. 

In a heart stimulator according to the invention, 
one lead therefore terminates in a pole, or elec- 
trode, placed in the atrium, and a second lead 
terminates in a pole, or electrode, in the ventricle. 
Atrial electrical activity is sensed t)etween the atrial 
pole, or electrode, and the ventricular electrode, 
while ventricular electrical activity Is measured t>e- 
tween the pole, or electrode, in the ventricle and 
the stimulator housing. In principle, a bipolar sys- 
tem for atrial detection is obtained when measure- 
ment of atrial activity is between poles, or elec- 
trodes, in the atrium and In the ventricle. Atrial 
signals are often so weak that interf rence from 
muscular activity causes problems in measure- 
ments in the atrium, so bipolar electrodes have 
hith rto oft n been used in the atrium in order to 
minimize Interference from muscles. With the sys- 



tem according to the invention, therefore, such a 
tnpolar measur m nt system is achieved in respect 
to muscle interference etc. with no need fbr a 
bipolar electrode in the atrium. 

5 Since ventricular events are also detected by 

the atrial measurement unit whereas electrical at- 
rial events are only detected by the atrial measure- 
ment unit a logic unit is provided, according to one 
advantageous refinement of the heart stimulator 

10 according to the Invention, which approves the 
signal from the atrial measurement unit as an atrial 
event only if the ventricular measurement unit fails 
to detect any signal occumng during a defined 
period of time around the time an atrial signal is 

16 measured. Cf. Swedish patent application no. 
9203171-5. 

According to an advantageous refinement of 
the system according to the Invention, a second 
pole arranged in the atrium is connected, via a 

20 resistor, to the lead for the ventricular pole. This 
resistor is 1-20 kohms. As a result of the resistor, 
this pole cannot bo employed for stimulation In the 
atrium, as resistance Is lower In the ventricular pole 
connected to the same lead. The value of the 

25 resistor must not be too low, since the connected 
atrial pole would then draw current making stimula- 
tion through the ventricular pole nnore difficult or 
impossible. Even in this Instance, ventricular activ- 
ity is sensed over the ventricular pole, and atrial 

30 activity is sensed between the two atrial poles. So 
both ventricular and atrial activity is carried by the 
same lead. However, the atrial signal has a consid- 
erably lower amplitude than the ventricular signal 
because the voltage of the atrial signal is splK 

35 k)ecause of the resistor. Tfie ventricular measure- 
ment unlf s sensitivity is therefore set so it detects 
strong ventricular signals bul not weak atrial sig- 
nals. Atrial activity is measured between the poles 
in the atrium, as noted at>ove, and the logic unit 

40 approves the signal from the atrial measurement 
unit as a genuine atrial event only If no ventricular 
signal is concomitantiy present 

The split in the voltage of the detected atrial 
signal depends on the magnitude of the resistor 

45 used for the second atrial pole. If e.g. a 1 kohm 
resistor is used, about 1/10 of the atrial signal 
reaches the heart stimulator. In practice, the ven- 
tricular electrode then also serves as the Indifferent 
electrode for sensed atrial signals. 

50 The pole, or poles, in the atrium can be "float- 

ing**, i.e. not be in direct contact with electrically 
active tissue, if they are only to k>e used for detect- 
ing electrical activity. However, if the electrode 
system is devised so the atrial pole, which is 

55 directly connected to its lead, is in direct contact 
with atrial tissue, the atrial pole can also be used 
for stimulating the atrium. This th reby results in a 
single lead DDD pacemaker only using two leads In 
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the electrode cable. 

When a bipolar el ctrod is employed in the 
ventricle, three leads are required in th el ctrode 
cable. 

As exemplifications, selected embodiments of 
the heart stimulator according to the Invention will 
now be described In greater detail referring to the 
attached drawings In which 

FIG. 1 shows a heart stimulator according to the 
invention with a bipolar electrode Implanted In a 
heart; 

FIG. 2 shows signals obtained with a version 
depicted in FIG. 1; 

FIG. 3 shows a heart stimulator according to the 
invention with an implanted electrode system 
using two unipolar electrodes; 
FIG. 4 schematically shows another embodiment 
of the heart stimulator according to the invention 
with two poles In the atrium; 
FIG. 5 shows signals obtained with the Imple- 
mentation depicted in FIG.4: 
FIG. 6 and 7 schematically show practical im- 
plementations of the embodiment in FIGS. 3 
and 4 respectively; and 

RG. 8 shows the signals detected by the atrial 
and ventricular measurement units in experi- 
ments with animals. 

In FIG. 1 is schematically shown an electrode 
system according to the invention implanted in a 
heart 2. The electrode system contains a bipolar 
electrode with one pole 4 arranged in the atrium 
and one pole 6 arranged in the ventricle. The 
electrode system comprises a single electrode ca- 
ble containing one lead 10, 12 each for the poles 4 
and 6 respectively. 

The stimulator housing Is schematically indi- 
cated at 14. 

The leads 10. 12 are connected to the input 
terminals on an atrial measurement unit 16. The 
lead 12 is connected in Itlce manner to one of the 
input terminals on a ventricular measurement unit, 
one of whose input terminals is connected to the 
stimulator housing 14. 

Thus, the atrial measurement unit 16 measures 
the signal between the poles 4, 6. However, the 
atrial measurement unit 16 detects both atrial and 
ventricular electrical events, since tfie lead 12 from 
the ventricular pole 6 Is directiy connected to the 
measurement unit 16. The output signal from the 
measurement unit 16 is connected to one of the 
input temninals on an AND gate 20. The output 
signal from the ventricular measurement unit 18 is 
fed, via a negating element 22, to the AND gate's 
20 other input t rmlnal. Thus, an output signal At is 
only obtained from the AND gate's 20 output termi- 
nal when an atrial event is detected without detec- 
tion of any ventricular vent around the time of the 
atrial detection. Here, observation of the ventricular 



signal must be last for a sufficientiy long period of 
time around the time the atrial vent is detected. 
Thus, the output signal At constitutes detection of a 
genuine atrial event. 

5 The ventricular measurement unit 18 emits an 

output signal Vdet which directiy designates ven- 
tricular events. 

FIG. 2 shows a surface ECG, signals Adet and 
Vdet in the form of pulses at the output temninals of 

10 the atrial and ventricular measurement units 16, 18 
and tfie output signal At from the AND gate 20. 

In the embodiment shown in FIG. 1, the atrial 
pole 4 is floating, i.e. it Is not in direct contact with 
atrial tissue. So the atrial pole 4 Is not suitable for 

15 stimulation and Is normally only used for sensing 
atrial events. 

In FIG. 3 is shown an embodiment in which the 
electrode system contains unipolar electrodes 24. 
26 in the atrium and ventricle respectively. In this 

20 Instance, the atrial electrode 24 Is arranged In 
direct contact with atrial heart tissue, making effec- 
tive stimulation of the atrium is also possible. Thus. 
FIG. 3 depicts a DDD pacemaker with two leads 
30, 32 for the unipolar electrodes 24, 26. 

26 The sensing of atrial and ventricular events 
functions the same as in the embodiment shown in 
FIG. 1. 

In FIG. 4 is shown another embodiment, similar 
to the one in FIG. 1, to which an additional atrial 

30 pole 35 is connected, via a resistor R, to the lead 
42 between the heart stimulator 14 and the ven- 
tricular sensing and stimulating pole 36. The value 
of the resistor is 1-20 kohms, and a resistor size is 
selected so there Is no stimulation in the atrium 

36 tiirough the lead 42, since tiie pole 36 in tiie 
ventricle has a lower resistance. The atrial pole 34 
could also be connected to its lead 40 via a resis- 
tor so balanced impedance Is attained between the 
two atrial poles 34 and 35. 

40 In this instance, detection of ventricular signals 

is in the same way as in the embodiments de- 
picted in FIGS. 1 and 3. The ventricular signal is 
normally much stronger ttian the atrial signal, and 
the sensitivity of the ventricular measurement unit 

45 18 is set so only the relatively strong ventricular 
signals are detected but not the weak atrial signals. 

Detection of atrial events is made from the 
signal between poles 34 and 35 In ttie atrium. 
When atrial cardiac activity Is present, a differential 

50 signal is obtained between poles 34 and 35 in th 
atrium, and this signal is therefore a measure of 
atrial activity. However, the atrial measurement unit 
16 also detects ventricular events, since the lead 
42 sensing ventricular activity is connected to th 

55 atrial measurem nt unit 16. So ventricular activity 
Is detected both by the unipolar ventricular detec- 
tor 18 and by tiie diff rential atrial detector 16, 
whereas atrial events are only detected by the 
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atrial detector 16. For this reason, the logic unit 20, 
22 is arranged to defin as genuine only atrial 
events detected without concomitant (by some 
margin) ventricular detections, as described above. 

The selection of atrial and ventricular events 
could be performed In some other way than with 
the logic elements 20. 22 in the above-described 
embodiments. 

in RG. 5 is shown the chronology of the dif- 
ferent signals in the embodiment depicted In FIG. 
4. 

At the top of the FIG. is shown a conventional 
surface ECG. V designates the signal pictced up by 
the ventricular pole 36, and Ai and A2 illustrate the 
differential signal between the two leads 40 and 42. 
Adet designates the output signal from the atrial 
measurement unit 16 and Vdat designates the out- 
put signal from the ventricular measurement unit 
18. Rnally, At designates the output signal from the 
AND gate 20. Thus, the signal At designates 
"genuine" atrial events, i.e. the P wave in the ECG, 
and Vdei designates "genuine" ventricular events, 
i.e. the QRS complex in the EGG. 

FIG. 6 schematically illustrates one practical 
implementation of the type of heart stimulator ac- 
cording to the invention, as shown in FIG. 3. 
wherein the electrode leads 30, 32 are bent in the 
atrial area so the atrial electrode 24 comes into 
contact with atrial tissue after the implantation. 

FIG. 7 schematically illustrates the practical 
implementation of the emtKxjiment shown in FIG. 
4. 

FIG. 8 shows signals picked up by the heart 
stimulator according to the invention in experiments 
on pig. The measurements were made, with a 
version depicted in FIG. 3, with one well-positioned 
electrode in the atrium and one electrode in the 
ventricle. The upper signal channel CHI shows the 
signal measured (between the atria! and ventricular 
poles, i.e. the atrial signal, and the second signal 
channel GH2 shows the signal measured between 
the ventricular pole and the stimulator housing, i.e. 
the ventricular signal. In the diagram, atrial events 
have been designated Ae and ventricular events Ve. 
As shown in the diagram, the atrial signal CHI 
includes both atrial and ventricular events, whereas 
the ventricular signal CH2 only shows ventricular 
events. "Genuine" atrial events can be extracted 
from the measured atrial signal CH1 when the 
at)ovedescribed logical condition is applied to the 
atrial signal CHI . 

The at>ovedescribed emt>odiments of the in- 
vention are for heart stimulators In the form of 
pacemakers. How v r, the Invention can also be 
applied to d fibrillators. 



Claims 

1. A heart stimulator, comprising a pulse gener- 
ator and an electrode system which contains at 

6 least one bipolar electrode with one pole (4, 

34) arranged in the atrium and one pole (6, 
36) in the ventricle, or at least two unipolar 
electrodes (24, 26) arranged in the atrium and 
ventricle respectively, for detecting atrial and 

10 ventricular electrical activity, wherein an atrial 
measurement unit (16) is arranged to measure 
the signal between the two poles (4, 6, 34, 36) 
of the bipolar electrode, or between the two 
unipolar electrodes (24, 26). and a ventricular 

75 measurement unit (18) Is arranged to measure 
the signals between the ventricular pole (6. 
36), or the electrode (26), and the stimulator 
housing (14). 

20 2. A heart stimulator of claim 1, wherein a logic 
unit (20, 22) is connected to the measurement 
units (16. 18) to approve signals from the atrial 
measurement unit (16) as atrial events only if 
the ventricular measurement (18) unit falls to 

25 detect any signal for a defined period of time 

around the time an atrial signal Is measured. 

a A heart stimulator of claims 1 or 2 in which the 
electrode system comprises two leads (40, 42) 
30 from the pulse generator to the poles (34, 36) 

arranged in the atrium and ventricle, wherein a 
second pole (35) arranged in the atrium is 
connected to the lead (42) for the ventricular 
pole (36) via a resistor (R), and the atrial mea- 
ds surement unit (16) Is connected k>etween the 
two leads (40, 42). 

4. A heart stimulator of any of claims 1-3, 
wherein the atrial pole(s) (4. 34, 35) is/are 
40 floating. 

6. A heart stimulator of claim 1 or 2, wherein the 
pole (34) arranged in the atrium, or one of the 
poles in a t)ipolar electrode arranged in the 
46 atrium, or the pole in a unipolar electrode (24) 

arranged in the atrium, is arranged in contact 
with atrial tissue for electrical stimulation of 
same. 

50 6b A heart stimulator of claims 3 and 5. wherein 
the atrial pole (34), which is directly connected 
to the lead (4), is arranged in contact with atrial 
tissue for electrical stimulation of same. 

55 
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